.1), ultra-wideband (UWB, over IEEE 802.15.3), ZigBee (over IEEE 802.15.4),) are four protocol standards for shortrange wireless communications with low power consumption. From an application point of view, Bluetooth is intended for a cordless mouse, keyboard, and hands-free headset, UWB is oriented to high-bandwidth multimedia links, ZigBee is designed for reliable wirelessly networked monitoring and control networks, while Wi-Fi is directed at computer-to-computer connections as an extension or substitution of cabled networks. In this paper, we provide a study of these popular wireless communication standards, evaluating their main features and behaviors in terms of various metrics, including the transmission time, data coding efficiency, complexity, and power consumption. It is believed that the comparison presented in this paper would benefit application engineers in selecting an appropriate protocol.
On the other hand, for accessing networks and services without cables, wireless communications is a fast-growing technology to provide the flexibility and mobility [3] . Obviously, reducing the cable restriction is one of the benefits of wireless with respect to cabled devices. Other benefits include the dynamic network formation, low cost, and easy deployment. General speaking, the short-range wireless scene is currently held by four protocols: the Bluetooth, and UWB, ZigBee, and Wi-Fi, which are corresponding to the IEEE 802.15.1, 802.15.3, 802.15.4, and 802.11a/bg standards, respectively. IEEE defines the physical (PHY) and MAC layers for wireless communications over an action range around 10-100 meters. For Bluetooth and Wi-Fi, Ferro and Potorti [4] compared their main features and behaviors in terms of various metrics, including capacity, network topology, security, quality of service support, and power consumption. In [5] , Wang et al. compared the MAC of IEEE 802.1 le and IEEE 802. 15.3. Their results showed that the throughput difference between them is quite small. In addition, the power management of 802.15.3 is easier than that of 802.11e. For ZigBee and Bluetooth, Baker [6] studied their strengths and weaknesses for industrial applications, and claimed that ZigBee over 802. 15.4 protocol can meet a wider variety of real industrial needs than Bluetooth due to its long-term battery operation, greater useful range, flexibility in a number of dimensions, and reliability of the mesh networking architecture.
In this paper, after an overview of the mentioned four shortrange wireless protocols, we attempt to make a preliminary comparison of them and then specifically study their transmission time, data coding efficiency, protocol complexity, and power consumption. The rest of this paper is organized as follows. Section II briefly introduces the wireless protocols including Bluetooth, UWB, ZigBee, and Wi-Fi. Next, a comprehensive evaluation of them is described in Section III. Then, in Section IV, the complexity and power consumption are compared based on IEEE standards and commercial offthe-shelf wireless products, respectively. Finally, Section V concludes this paper. Fig. 2 , the transmission time for the ZigBee is longer than the others because of the lower data rate (250 Kbit/s), while UWB requires less transmission time compared with the others. Obviously, the result also shows the required transmission time is proportional to the data payload size and disproportional to the maximum data rate. 
F Data Coding Efficiency
In this paper, the data coding efficiency is defined by the ratio of the data size and the message size (i.e. the total number of bytes used to transmit the data). The formula for data coding efficiency (0/O) can be described as:
PcodEff Ndata /(Ndata + (Ndata/ NmaxP1d X Novhd)) (2) The parameters listed in Table II are also used for the coding efficiency comparison. Fig. 3 shows the data coding efficiency of the four wireless networks versus the data size. For small data sizes (around smaller than 339 bytes), Bluetooth is the best solution. Also, ZigBee have a good efficiency for data size smaller than 102 bytes. For large data sizes, Bluetooth, UWB, and Wi-Fi have much better efficiency of over 94%, as compared to the 76.52% of ZigBee (where the data is 10K bytes as listed in Table II ). The discontinuities in Fig. 2 
V. CONCLUSIONS
This paper has presented a broad overview of the four most popular wireless standards, Bluetooth, UIWB, ZigBee, and WiFi with a quantitative evaluation in terms of the transmission time, data coding efficiency, protocol complexity, and power consumption. Furthermore, the radio channels, coexistence mechanism, network size, and security are also preliminary compared. This paper is not to draw any conclusion regarding which one is superior since the suitability of network protocols is greatly influenced by practical applications, of which many other factors such as the network reliability, roaming capability, recovery mechanism, chipset price, and installation cost need to be considered in the future.
